It has been well established that many sugars and amino acids are transported against a concentration gradient across the mucosal cell membrane in the small intestine (WILSON,1962) ,and that Na+transport is closely related to this mechanism (SCHULTZ and CURRAN,1970; HOSHI,1972) .It is very likely,therefore,that actively transported solutes induce changes in ion concentrations within the intestinal epithelial cell.On the other hand,sugars and amino acids actively transported by the epithelial cells have also been known to produce so-called"evoked-potential" (BARRY et al.,1964; SCHULTZ and ZALUSKY,1964; LYON and CRANE,1966; HOSHI and KOMATSU,1968) ,which should be closely associated with the transport mechanism.It is of great importance for understanding such an electrogenesis to evaluate the changes in ion concentrations accompanied by solute transports. Many investigators have reported changes in the intracellular concentrations of K+ and Na+([K]i,[Na]i)associated with active transport of organic solutes in small intestines,but did not measure the Cl-concentration([C1]i) (SCHULTZ et al., 1966; KOOPMAN and SCHULTZ,1969; CsAKY and ESPOSITO,1969; ARMSTRONG et al., 1970; LEE and ARMSTRONG,1972) .
Our previous electrophysiological studies of the intestinal epithelial cell have suggested that the permeability properties of the cell membrane were remarkably altered by an increase in the extracellular K+ concentration (OKADA et al., 1975 ,which should necessarily produce significant changes in the intracellular ion concentrations.In fact,we could show,qualitatively at least,that such changes in[K]i and [Na]i were in accord with the changes in the membrane potentials observed .Moreover,our results showed that Cl-was rapidly and passively distributed between extra-and intracellular phases,making no significant contribution to the membrane potential in the steady state (OKADA et al., 1975 .Thus the measurement of [Cl] i is important for an understanding of the pattern of changes in intracellular ions under various conditions.
In view of these previous findings,we attempted here to examine the changes in[K]i,[Na]i and[Cl]i in rat small intestine which occurred in association with the transport of D-glucose or glycine as well as with high levels of external K+,in order to obtain more quantitative information thereon.
MATERIAL AND METHODS
All experiments were performed on the intestinal epithelia of adult rats of either sex which had been starved for 24-48 hr with water ad libitum.After anesthetization with ether,the abdominal cavity was opened by a midline incision. Intestinal contents were removed using a syringe and fresh buffered saline,and the sheet of intestinal mucosa was mounted on a lucite frame as described elsewhere .
A full description of the procedure of ion analysis has been given in a previous report *Statistically different from the controls at the 5%level.
The number in parentheses indicates the number of observations. jejunum and ileum were 3.73,3.64 and 4.37ml per g dry weight,respectively.These values are in fairly good agreement with those reported hitherto for rabbit ileum (SCHULTZ et al.,1966) and bullfrog intestines (ARMSTRONG et al.,1970 (ARMSTRONG et al., ,1975 (SCHULTZ et al.,1966) as well as in other tissues (KAMINO et al.,1973; LIPTON,1973) .Indeed,there was found a significant increase in the computed value of V,as shown in Table 2 .Where [K] o is greater than 69.7mM,the increases The number in parentheses indicates the number of observations. in V are significant(P<0.005)and appear to vary linearly with log[K]o,as to the depolarization of membrane potentials of duodenal epithelial cells ,as shown in Fig.1 .Such a linear relationship between cellular swelling and log[K]o was also reported on isolated synaptosomes (KAMINO et al.,1973) . Many sugars and amino acids are known to be accumulated by intestinal epithelial cells,and their concentrations within the cells can reach more than several times those in the external solutions (SCHULTZ et al.,1966; WISEMAN,1968; CSAKY and ESPOSITO,1969; REISER and CHRISTIANSEN,1971; MUNCK,1972) .The increases in cell water contents induced by such actively transported solutes would,therefore, indicate that these solutes which accumulated within the cell exist in an osmotically active form.
Intracellular monovalent ion concentrations
The values of[K]i,[Na]i and[Cl]i obtained in the duodenum in the control medium were 135,66 and 56 mEq/kg cell water,respectively,while these values for the jejunum and ileum were not so far from those for the duodenum;130,76 and 55 mEq in the jejunum and 126,82 and 83 mEq in the ileum,respectively.
Using duodenal tissues,the effects on the intracellular ion concentrations of changes in [K] o achieved by isotonical Na+-K+ replacement were reexamined in order to make quantitative comparison with the effects of D-glucose and glycine thereon.All the results obtained in these experiments are summarized in Table 3 . (LEE and ARMSTRONG,1972; FRIZZELL et al.,1973) .But gain or loss of sequestered Na+(or Cl-)would result in loss or gain of the negative(or positive)charge within the cell.Thus this relation implies electroneutrality within the cell,when the right-hand side of Eq.(1) stands for the amount of the intracellular negative charges(except for Cr)referred to the unit amount of cell water,which are in balance with intracellular K+ and Na+together with Cl-.Now,if we may assume as the first approximation that there are no significant cations other than K+and Na+and that their charges are balanced with Cl-and intracellular polyvalent anions(A)of their mean valency of z,the total concentration of A in mEq.could be estimated by giving the righthand side of Eq. (1) Fig.3 ,which clearly shows a tendency for[Na]i to decrease with concomitant decreases in[K]i and[Cl]i.The result appears to be contradictory to the well-known fact of Na+ entry accompanied by a solute transport (SCHULTZ and CURRAN, 1970) .Indeed,as included in Fig.3 ,the concentration of B computed with Eq. (2)increases remarkably,and such an increase in[B]i suggests marked accumulation of glucose or glycine.But such decreases in the monovalent ion concentrations could be explained by increases in cell water brought about by solute accumulation,as has been noted by CSAKY and ESPOSITO(1969) or by ARMSTRONG et al. (1970) .The intracellular concentration,Cij of j-th component(K+,Na+,Cl-,or B)was referred to the unit amount of the cell water,so that its amount accumulated per unit amount of cell water,Sj,can be given by where the asterisked symbols imply the quantities observed under the control con-mM/kg cell water As seen in Figs.3 and 4, [B]i markedly increases and the SB values are quite high,despite the marked increases in V.Such a finding is concordant with the previously reported fact that sugar and amino acids transported uphill into the cells can be concentrated more than several times those in the surrounding media (SCHULTZ et al.,1966; WISEMAN,1968; CSAKY and ESPOSITO,1969; REISER and CHRISTIANSEN,1971; MUNCK,1972) .Thus,SB could well be considered to represent the amount of solutes accumulated within the cell .
DISCUSSION
The present study demonstrated that the K+-induced swelling of the intestinal epithelial cells,occurring in parallel with depolarization of the cells (Fig.1) ,was chiefly reflected in an increase in the inulin-inaccessible space(Table2) .Applying the Boyle-Van't Hoff relation to such a cell swelling,we have the following relations:for an ideally impermeable component, (2) (OKADA et al., 1975 where k is the proportionality constant.
We may rewrite Eq. (7) The present experiment clearly showed that the net gain of Na+and K+by the epithelial cells was produced by glucose and glycine,the decreases in[Na]i and[K]i being only apparent ones due to the cell swelling.Such a finding is concordant with the well-known fact that the uphill transport of organic solutes is linked with entry of Na+across the brush border membrane (SCHULTZ and CURRAN,1970; HosHI,1972) ;an electrogenic Na pump located on the basolateral membrane (OKADA and INOUYE,1976; Okada et al.,in preparation) extrudes Na+ and gains K+.The coupling ratio of Na+-efflux to K+-influx of this pump in rat duodenum was estimated as 4:3 or more (OKADA and INOUYE,1976; Okada et al.,in preparation) .Thus,it is not so difficult to understand why the net gain of K+should be greater than that of Na+as seen in Fig.4 . As is noted above,the behavior of intracellular Cl-in cell swelling produced by glucose(or glycine)appears to be passive,but it forms a striking contrast to that in the K+-induced swelling; [Cl] i is reduced in the former,but raised in the latter. A significant depolarization of the cell brought about by high external K+ results in an increase in the electrochemical gradient for Cl-across the brush border membrane which enables the ions to flow into the cells.In the presence of 20mM glucose(or glycine),however,the measured mucosal membrane potentials are only slightly depolarized(less than 5 mV) (OKADA and INOUYE,1976) .Lacking in any significant depolarization of the cell membrane,therefore,increases in the intracellular Cl-concentration would not be so large.Moreover,the activity of the sodium pump enhanced by the entry of Na+associated with the solute transport might produce to a certain extent the extrusion of Cl-with Na+.Our finding of
Several investigators have reported a small depolarization of the membrane potential of the intestinal cell during an uphill solute transport (ROSE and 1971; WHITE and ARMSTRONG,1971; OKADA and INOUYE,1976) .Applying the Goldman equation,the apparent ionic permeabilities of the cell membrane under control conditions(without glucose and glycine)were estimated to be and PNa/PK=0.1 (OKADA et al.,1975 .The changes in the intracellular ion concentrations produced by glucose or glycine (Fig.3) would bring about the de-polarization of about 5-10 mV,if the solute transport does not significantly affect the passive permeability properties of these ions.When an electrogenic sodium pump is located on the serosal membrane (OKADA and INOUYE,1976; Okada et al., in preparation) and is activated by the Na+gain within the cell,however,a hyperpolarization of the serosal membrane would be concurrently produced,counteracting to a certain extent such a depolarization (OKADA and INOUYE,1976) .Thus our results are also concordant with the electrophysiological studies reported hitherto.
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